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(57)Abstract: 

PURPOSE: To easily attain a gradation correction by 
reducing the deterioration of a color reproducibility. 
CONSTITUTION: Video signals, B, G, and R are 
respectively clamped into the same voltage by clamp 
circuits 1B, 1G, and 1R. A reference signal is inserted 
into one line in a vertical fly-back period in the clamped 
video signal R. Then, an average luminance detecting 
and expanding level control circuit 5 detects a luminance 
signal from the clamped video signals B, G, and R, 
outputs a control signal SL for controlling an expanding 
level by the detected average luminance, inputs it to an 
expanding circuit 3R, and the gradation correction of the 
video signals B, G, and R is operated according to the 
average luminance by expanding circuits 3B, 3G, and 
3R. An amplitude control circuit 6 detects the reference signal inserted into a video signal R0, 
controls amplitude adjusting circuits 4B, 4G, and 4R, so that the amplitude gradation- 
corrected video signals B0, GO, and R0 can be always constant. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Have the following, and control the 1st, the 2nd, and 3rd extension circuit by the 
aforementioned control signal in common, and the average luminance of a video signal expands a low 
case to a black side with it. It is the gradation amendment circuit of the liquid crystal display unit which 
displays an image using liquid crystal which performs the gradation amendment expanded to a white 
side when average luminance is high, and is characterized by constituting that the amplitude of the video 
signal which the 1st, the 2nd, and 3rd extension circuit outputted by the amplitude-control circuit should 
be controlled in common. The reference signal insertion circuit which the voltage which clamped the 
pedestal of one video signal in three primary colors on predetermined voltage is inputted, and inserts a 
predetermined reference signal within the vertical-retrace-line period of a video signal, the voltage 
which clamped the pedestal of the video signal of the two remaining primary colors on predetermined 
voltage - each --****-- the 1st inputted and 2nd extension circuit The 3rd extension circuit where the 
video signal which the aforementioned reference signal insertion circuit outputs is inputted. The 
amplitude-control circuit which the voltage which carried out [ aforementioned ] the clamp is inputted, 
and the video signal based on the video signal which the average-luminance detection and the extension 
level control circuit which output the control signal which detects the average luminance of a video 
signal and controls extension level, and the aforementioned extension circuit output is inputted, and 
controls the amplitude of the video signal outputted from the 1st, the 2nd, and 3rd extension circuit. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the gradation amendment circuit of liquid crystal 
display units, such as a liquid crystal video display and a liquid crystal video projector. 
[0002] 

[Description of the Prior Art] Generally a liquid crystal video display is CRT. The dynamic range which 
expresses between the black side of an image and white sides as compared with a display is narrow, and 
the gradation in dark space and a bright section breaks. In order to improve this, a gradation amendment 
of fixation is performed conventionally, or it is the average luminance (APL) of a video signal. It 
corresponds and is a luminance signal. (Y signal) It receives and the gradation amendment is performed, 
moreover, the amendment by the side of the black of a video signal and the amendment by the side of 
white -- each --****-- it is carrying out 
[0003] 

[Problem(s) to be Solved by the Invention] Thus, although a circuit ends in one circuit when performing 
a gradation amendment to a luminance signal, since a gradation amendment cannot be performed to a 
chroma signal, the saturation ratio of the color of the reproduced image changes and the repeatability of 
a color becomes bad. Therefore, it is not suitable for the Hi-Vision display which thinks the repeatability 
of an image as important by high definition. Moreover, since the repeatability of the color of the portion 
rectified when dispersion arose in the gradation amendment property of each video signal in three 
primary colors becomes bad when performing a gradation amendment to the three primary colors, it is 
necessary to make a gradation amendment property completely in agreement [ a video signal in three 
primary colors ]. Therefore, conventionally, in order that the part which must adjust the gradation 
amendment property of a video signal in three primary colors separately, and should adjust it may 
double the property of performing many [ therefore ] gradation amendments in three primary colors, 
there is a problem that complicated adjustment operation is required in a gradation amendment case. 
[0004] this invention aims at offering the gradation amendment circuit of the liquid crystal display unit 
which can perform a gradation amendment by easy adjustment in view of this problem, without 
degrading the repeatability of a color. 
[0005] 

[Means for Solving the Problem] The gradation amendment circuit of the liquid crystal display unit 
concerning this invention In the gradation amendment circuit of the liquid crystal display unit which 
displays an image using liquid crystal The reference signal insertion circuit which the voltage which 
clamped the pedestal of one video signal in three primary colors on predetermined voltage is inputted, 
and inserts a predetermined reference signal within the vertical-retrace-line period of a video signal, the 
voltage which clamped the pedestal of the video signal of the two remaining primary colors on 
predetermined voltage - each - **** ~ with the 1st inputted and 2nd extension circuit The 3rd 
extension circuit where the video signal which the aforementioned reference signal insertion circuit 
outputs is inputted, The average-luminance detection and the extension level control circuit which 
output the control signal which the voltage which carried out [ aforementioned ] the clamp is inputted, 
detects the average luminance of a video signal, and controls extension level, The video signal based on 
the video signal which the aforementioned extension circuit outputs is inputted, and it has the amplitude- 
control circuit which controls the amplitude of the video signal outputted from the 1st, the 2nd, and 3rd 
extension circuit, with the aforementioned control signal Control the 1st, the 2nd, and 3rd extension 
circuit in common, and the average luminance of a video signal expands a low case to a black side. 
When average luminance is high, the gradation amendment expanded to a white side is performed, and it 
is characterized by constituting that the amplitude of the video signal which the 1st, the 2nd, and 3rd 
extension circuit outputted by the amplitude-control circuit should be controlled in common. 
[0006] 

[Function] the voltage which clamped the pedestal of two video signals in three primary colors - the 1st 
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and 2nd extension circuit each -****-- it inputs A reference signal is inserted in the voltage which 
clamped the pedestal of the one remaining video signal within a vertical-retrace-line period, and it inputs 
into the 3rd extension circuit. It is a gradation amendment in common about the video signal inputted 
into each extension circuit so that the voltage which clamped each pedestal of a video signal in three 
primary colors detects average luminance, the control signal which controls extension level by the 
average luminance was created, and it gave to each extension circuit, and a low case elongates a black 
side, and average luminance might elongate a white side, when average luminance was high. It controls 
by the video signal based on each video signal which each extension circuit outputted in common to 
make the amplitude of the video signal which each extension circuit outputted to a predetermined value. 
Thereby, it sees according to average luminance and the upper dynamic range can be expanded. 
Moreover, the property of a gradation amendment of each video signal in three primary colors may be 
made in agreement. 
[0007] 

[Example] this invention is explained in full detail below with the drawing in which the example is 
shown. Drawing 1 is the block diagram showing the composition of the gradation amendment circuit of 
the liquid crystal display unit concerning this invention. The video signals B, G, and R in three primary 
colors are clamping circuit IB, 1G, and 1R. It is inputted, clamping circuit IB, 1G, and 1R **** 
clamp pulse CLP which defines the timing which clamps a pedestal It is given. Clamping circuit IB and 
1G The clamped voltage slack video signal is extension circuit 3B and 3G. The video signal which it is 
inputted and extension circuit 3B and 3G output is amplitude equalization circuit 4B and 4G. It is 
inputted. The video signal which the voltage which clamping circuit 1R clamped is inputted into the 
reference signal insertion circuit 2, and the reference signal insertion circuit 2 outputs is extension circuit 
3R. It is inputted. Extension circuit 3R The video signal to output is amplitude equalization circuit 4R. It 
is inputted. 

[0008] Change signal V-SW for defining the timing which inserts the reference signal equivalent to 
100IRE(s) is inputted into the reference signal insertion circuit 2 and the amplitude-control circuit 6. 
Clamping circuits IB and 1G and 1R Both the voltage that each clamped is the control signals SL which 
control the extension level created by the average luminance which it was inputted into average- 
luminance detection and the extension level control circuit 5, and was detected. Extension circuit 3B, 
3G, and 3R It is given. Control signal SCTR which the amplitude-control circuit 6 outputs Amplitude 
equalization circuit 4B, 4G, and 4R It is given. Amplitude equalization circuit 4B, 4G, and 4R The 
chrominance signal B0 which performed the shell gradation amendment, GO, and R0 It is outputted and 
is a chrominance signal R0. It is inputted into the amplitude-control circuit 6. A clamp pulse CLP is 
given to the amplitude-control circuit 6. 

[0009] Drawing 2 is extension circuit 3R. It is the circuit diagram showing composition, and is 
extension circuit 3B and 3G. It is constituted similarly. Signal input terminal 3a is the transistor TR1 of 
a grounded collector. Connecting with the base, the emitter is a transistor TR2. It connects with the base 
and connects with power-terminal +B1 through resistance R0. Power-terminal +B1 is a capacitor, (not 
shown) It minds and is grounded in alternating current. Transistor TR2 It is grounded through resistance 
R2, resistance R3 is minded, and an emitter is a transistor TR3. Resistance R4 is minded and it is [ an 
emitter and ] the transistor TR4 of a grounded collector. It connects with an emitter. Transistor TR2 It 
connects with power-terminal +B1 through resistance Rl, resistance R5 is minded, and a collector is a 
transistor TR5. It connects with the base. 

[0010] Transistor TR3 A collector is connected with power-terminal +B1, and the base is grounded 
through resistance R6, and is connected with power-terminal +B-2 through the series circuit of 
resistance R7, R8, and R9. The connection with resistance R8 and R9 is a transistor TR4. It connects 
with the base. The connection with resistance R7 and R8 is connected with control-voltage input 
terminal 3b into which the extension level control voltage from average-luminance detection and the 
extension level control circuit 5 is inputted. Transistor TR5 The emitter is connected with signal output 
terminal 3c which outputs the video signal by which the gradation amendment was carried out by 
connecting a collector with power-terminal +B1, and it is resistance R10. It is minded and grounded. 
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[001 1] Drawing 3 is the block diagram showing the composition of the amplitude-control circuit 6. The 
amplitude-control circuit 6 is constituted by clamp section 6a, sample, and hold section 6b and error 
detecting-element 6c. Video signal R0 which amplitude equalization circuit 4R (refer to drawing 1 ) 
outputs to clamp section 6a and by which the gradation amendment was carried out It is inputted and is a 
clamp pulse CLP. It is given. The video signal which clamp section 6a outputs is inputted into sample 
and hold section 6b. Change signal V-SW is given to sample and hold section 6b. A sample and the 
signal which hold section 6b outputs are inputted into error detecting-element 6c, and error detecting- 
element 6c is amplitude equalization circuit 4R. The control signal SCTR to give is outputted. 
[0012] Next, operation of the gradation amendment circuit of the liquid crystal display unit constituted 
in this way is explained. In addition, video signals R, G, and B explain a video signal R, in order for a 
gradation amendment to be similarly performed by each. Clamping circuit 1R If a video signal R is 
inputted, it is clamping circuit 1R. It is a clamp pulse CLP about the inputted pedestal of a video signal 
R. It clamps to timing, the clamped voltage is outputted, and it inputs into the reference signal insertion 
circuit 2. Ln addition, it is made for dispersion in a clamp voltage not to produce clamp reference voltage 
between video signals R and G and B using the same power supply as each of video signals R, G, and B. 

[0013] Clamping circuit 1R If the clamp voltage to output is inputted into the reference signal insertion 
circuit 2, the reference signal insertion circuit 2 will insert the reference signal which is equivalent to 
100ERE(s) with change signal V-SW into vertical-retrace-line period 1H of a video signal R, as shown in 

s drawing 4 . On the other hand, it is clamping circuit 1R. The clamp voltage of a shell is inputted into 
average-luminance detection and the extension level control circuit 5, and average-luminance detection 
and the extension level control circuit 5 create a luminance signal (Y signal) in the matrix circuit which 
obtains a luminance signal with the video signal of a video signal R in three primary colors, and detect 

-average luminance by the integrating circuit which consists of a capacitor and resistance. And control 
signal SL which controls an extension circuit by the signal of the detected average luminance It outputs 
and is extension circuit 3R. It gives. 

[0014] And extension circuit 3R About the clamp-voltage slack video signal inputted, it is the control 
signal SL from average-luminance detection and the extension level control circuit 5. It responds and a 
white or black side is elongated. Namely, transistor TR2 shown in drawing 2 when a clamp-voltage 
slack video signal is inputted Since it is the reversal amplifier of direct-current direct connection, it is a 
transistor TR3. TR4 When turned off, an amplifier gain GA is set to GA=R1 / R2 in approximation. And 
as shown in drawing 5 , it is a transistor TR2. 0IRE which was inputted into the base and which the 
video signal R fixes (black level) Control signal SL which receives and is changing according to average 
luminance Transistor TR3 When base potential becomes high, it is a transistor TR3. It is a transistor 
TR2 to base potential. It is a transistor TR3 to the video signal R of the period when base potential 
became low. It turns on. 

[0015] Transistor TR3 If turned on, since power-terminal +B1 is grounded in alternating current, it is a 
transistor TR2. Parallel connection of the resistance R3 will be carried out to an emitter resistance R2, 
and it is a transistor TR3. The turned-on period is a transistor TR2. Gain becomes high and elongates a 
black side. Moreover, transistor TR4 Transistor TR3 A white side is elongated on the contrary. And 
transistor TR3 And transistor TR4 Each base bias is average luminance (APL). When it is 50%, and it is 
set as the potential which does not perform the gradation amendment by the side of white and black and 
average luminance becomes lower than a reference value, it is a control signal SL. When level became 
high, extension by the side of black is performed and average luminance becomes higher than a 
reference value on the contrary, the l^vel of a control signal becomes low and elongates a white side. 
[0016] Drawing 6 which shows an extension amendment property explains such extension operation. 
Transistor TR2 when not inputting _a video signal R for 0.7 VP-P and extension operation When gain is 
made into 1 time and gain at the time of the extension by the side of white and black is made into double 
precision, it is extension circuit 3R. Gain characteristics move in the direction of a broken line b as it 
becomes a broken line a and average luminance becomes low, when average luminance is 50%. If 
average luminance becomes high on the contrary, it will move in the direction of a broken line c, and 
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extension operation by the side of white or black will be continuously performed according to average 
luminance. 

[0017] And extension circuit 3R which performed extension operation An output signal is amplitude 
equalization circuit 4R. It is inputted. Amplitude equalization circuit 4R Video signal R0 to output It is 
inputted into clamp section 6a of the amplitude-control circuit 6, and is a video signal R0. A pedestal is 
clamped. The clamped voltage is inputted into sample and hold section 6b, the size of the reference 
signal of 100IRE(s) inserted in vertical-retrace- line period 1H is sampled, and the potential is held, and 
the held potential is inputted into error detecting-element 6c, and the size of the difference of hold 
potential and a reference potential, i.e., the reference signal of 100ERE(s), is always fixed as compared 
with a reference potential (0.7 VP-P) Control signal SCTR which can be made outputting — amplitude 
equalization circuit 4R giving — amplitude equalization circuit 4R from ~ video signal R0 outputted 
Predetermined level is always stabilized. 

' r ~[0018] In addition, it is extension circuit 3R in this way. Control signal SL to give Extension circuit 3B 
and 3G It gives in common, here ~ clamping circuit IB, 1G, and 1R from — amplitude equalization 
circuit 4B, 4G, and 4R up to — since gain in the middle of each circuit is made the same — extension 

^ circuit 3B, 3G, and 3R the inputted video signal - the same property ~ a gradation amendment - things 
are made moreover, amplitude equalization circuit 4B, 4G, and 4R Control signal SCTR which the 
amplitude-control circuit 6 outputs since it controls in common — amplitude equalization circuit 4B, 4G, 
and 4R from — the video signal BO to output and by which the gradation amendment was carried out, 
GO, and R0 An amplitude can be fixed and it can be made in agreement. 

"tOO 19] Thus, when extension operation is performed, the input-output behavioral characteristics of a 
video signal come to be shown in drawing 7 . Namely, if the average luminance of a video signal 
becomes lower than 50%, according to average luminance, it will shift in the direction of a broken line 
e, and if it becomes high from 50% on the contrary, according to average luminance, it will shift in the 
direction of a broken line f. If average luminance becomes low by this, a black side will be elongated 
according to average luminance, and a white side will be compressed on the contrary. Moreover, if 
average luminance becomes high, a white side will be elongated according to average luminance, and a 
black side will be compressed. 

[0020] In order for the average luminance of a video signal to become low, and for an image to follow 
on becoming dark and to elongate a black side by this, the gradation expression capacity by the side of 
black is improved. If average luminance becomes high on the contrary, a white side will be elongated, 
the gradation expression capacity by the side of white will be improved, and the dynamic range on 
appearance will be expanded. And in a video signal in three primary colors, since a gradation 
amendment property may be made in agreement, the repeatability of a color is not spoiled. Moreover, a 
gradation amendment can be made to perform a video signal in three primary colors only by carrying 
out adjustment operation of appointing the starting position which controls the amplitude of the video 
signal which carried out the gradation amendment in the starting position and amplitude-control circuit 
which control extension level in average- luminance detection and an extension level control circuit, and 
complicated adjustment operation of adjusting many adjustment parts like before is not required. 
[0021] 

[Effect of the Invention] As explained in full detail above, if the average luminance of a video signal 
becomes low, this invention will elongate a black side and will compress a white side, and if average 
luminance becomes high, the dynamic range on the shell which elongates a white side and compressed 
the black side, and appearance is expandable. Moreover, since the amplitude of the video signal which 
each extension circuit and each extension circuit outputted is controlled in common, a difference does 
not arise in the property of a gradation amendment and the repeatability of a color is not spoiled. 
Moreover, since the amendment property of each video, signal in three primary colors only by carrying 
out adjustment operation only of the control circuit level of extension level and the amplitude 
amendment start level of a video signal which carried out the gradation amendment can be made in 
agreement, the effect which was [ be / no troublesomeness / in the remedial operation of gradation ] 
excellent is done so. 
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[Translation done.] 
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(54) COLOR CONVERTING DEVICE AND METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the color 
converting device and method by which precision in 
color conversion is improved without increasing the 
capacity of multi- dimensional look-up table. 
SOLUTION: A correction value is set so as to attain 
desired color conversion as much as possible by 
permitting a value out of a range taken by a color value 
after conversion concerning grid point data by which the 
boundary value of the range for the color value after 
conversion is obtained in the multi- dimensional look-up 
table 2. When a color conversion processing is 
executed, a color signal to be converted is inputted to an 
address generating part 1 , an interpolation processing is 
executed in an interpolation arithmetic part 3 by grid 

point data which is outputted from the table 2 in accordance with the generated address and 
the color value after conversion corresponding to the inputted color signal is obtained. At this 
time, it is converted into the boundary value by a hierarchy converting part 4 when the value 
becomes the one out of the range taken by the color value after conversion. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the color inverter and the color 
conversion method of changing into the color value of the predetermined range from the chrominance 
signal of the inputted color picture data. 
[0002] 

[Description of the Prior Art] Color transform processing which changes the inputted chrominance 
signal of a pixel into other color values conventionally using a multi-dimension look-up table and 
interpolation is performed. In color digital output equipment etc., color conversion to the color value of 
the color space for output processing from the chrominance signal of the color space for internal 
processing is performed especially. In such color conversion, for example compared with methods, such 
as a matrix operation, the color conversion including the color correction to the local field in a color 
space is possible, and a good color-reproduction property can be acquired. 

[0003] If the color value after the conversion corresponding to all the values of the chrominance signal 
in which it is inputted and deals is stored, color conversion can be correctly performed in a multi- 
dimension look-up table. However, though the chrominance signal inputted is dispersed digital data, 
there are very many the values which can be taken, and an immense capacity is needed in order to store 
the color value after corresponding conversion. Therefore, the color space of the chrominance signal 
usually inputted is divided into a multi-dimension look-up table, and the method of making the color 
value after conversion hold is used for it only in the lattice point of the divided color space. Drawing 12 
is explanatory drawing of the lattice point which makes a color value hold to a multi-dimension look-up 
table. At drawing 12 , it is L*. A shaft and a* A shaft and b* The 3-dimensional color space which 
consists of a shaft is divided as a dashed line shows, and the color value after conversion is made to hold 
to a multi-dimension look-up table about the lattice point shown by the black dot which a dashed line 
intersects. At this time, they are L*, a*, and b* at each lattice point. Since the value was decided, they 
are this L*, a*, and b*. The address is made to correspond to the group of a value and the color value 
after changing into each address is made to hold. And L* of the inputted chrominance signal, a*, and b* 
What is necessary is to generate the address from a value, to input into a multi-dimension look-up table, 
and just to read the color value after conversion. In addition, when the inputted chrominance signal is 
except the lattice point, interpolation processing can be carried out from the color value of the lattice 
point of the neighborhood stored in the multi-dimension look-up table, and the color value after 
conversion can be calculated. Moreover, if the color value in a different color space is stored as a color 
value after the conversion stored in the multi-dimension look-up table, it is possible to also perform a 
color space conversion. 

[0004] However, by this method, in order to decrease the capacity of a multi-dimension look-up table, 
the number of the lattice points will be limited. Therefore, when the capacity of a multi-dimension look- 
up table is decreased, the number of partitions of a color space will be limited, the interval of the lattice 
point in a color space becomes large, and operation precision falls. Drawing 13 is explanatory drawing 
of an example of the trouble at the time of the color conversion which used the multi-dimension look-up 
table. In drawing 13 , the color value after the conversion corresponding to a vertical axis for the 
chrominance signal inputted into a horizontal axis is taken. In the point of a black dot, the color value 
after changing into a multi-dimension look-up table shall be stored. Only the value after the conversion 
in the lattice point A and the lattice point B is stored in the multi-dimension look-up table to perform 
color conversion as shown by the thick line now. Therefore, by the above-mentioned method, at section 
A-B, color conversion as shown by the dotted line by interpolation processing is performed, and an error 
as shown by hatching arises. This error will appear as muddiness of a color. 
[0005] Thus, by the method using the multi-dimension look-up table, in order to depend for the 
operation precision of color transform processing on the size of a multi-dimension look-up table, when 
the size is not enough, depending on the position in a color space, operation precision also becomes 
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inadequate and an error will arise in the color value after conversion. By this, the chrominance signal 
which originally does not exist in the picture signal outputted occurs, and it may become the cause of 
quality-of-image degradation, such as mixing of a color. 

[0006] Especially the error of such a color value is generated near the boundary of the range of the color 
value which the color value after conversion can take. In the example shown in drawing 13 , the color 
value after conversion is made or more into zero, and the error of a color value has occurred [ near / 
which is the minimum of the range of a color value / the zero ]. The error of such a color value may be 
generated also near the upper limit of the range of a color value. 

[0007] In the color conversion method using such a multi-dimension look-up table, in order to raise the 
precision of color conversion, various methods are developed. For example, it thinks, using methods, 
such as triangle pole interpolation and slanting triangle pole interpolation, as the interpolation method as 
indicated by JP,7-99587,A, JP,9-69961,A, etc. However, by these methods, since it was dependent on 
the size of a look-up table, the error as performed and showed hatching by drawing 13 occurred, and 
interpolation precision was not able to avoid quality-of-image degradation, either, when the size of a 
table was not enough. 
[0008] 

[Problem(s) to be Solved by the Invention] this invention aims at offering the color inverter and the 
color conversion method which raised the precision of color conversion, without having been made in 
view of the situation mentioned above, and increasing the capacity of a multi-dimension look-up table. 
[0009] 

[Means for Solving the Problem] In order that especially this invention may reduce the error in near the 
boundary of the predetermined range which the color value after conversion can take to which color 
conversion precision falls, it also permits the value besides the predetermined range as a color value 
after the conversion stored in a multi-dimension look-up table, and is brought close to the value after the 
color conversion which should originally perform the color value after interpolation processing. Since 
the error at the time of the color conversion generated near the boundary of the predetermined range can 
be decreased by this, color conversion precision can improve and faults, such as mixing of the color by 
the conversion error, can be prevented. In addition, with this, since the value besides the predetermined 
range may exist as a color value after conversion, when the color value after interpolation processing is 
outside the predetermined range, it has changed so that it may become predetermined within the limits. 
Moreover, when it is the composition that the value besides the predetermined range is unstorable as a 
value stored in a multi-dimension look-up table, compression processing is carried out so that it may 
become a predetermined range also including the value besides the predetermined range, and it may be 
made to perform extension processing before interpolation processing or after interpolation processing. 
[0010] 

[Embodiments of the Invention] Drawing 1 is the block diagram showing one gestalt of operation of the 
color inverter of this invention. For one, as for a multi-dimension look-up table and 3, the address- 
generation section and 2 are [ interpolation operation part and 4 ] gradation transducers among drawing. 
The address-generation section 1 generates the address of the multi-dimension look-up table 2 according 
to the inputted chrominance signal. At this time, the address corresponding to two or more lattice points 
used for a interpolation operation by the interpolation operation part 3 is also generable. In addition, 
when it is what can use directly the chrominance signal into which the multi-dimension look-up table 2 
was inputted as the address, it is also possible to constitute without forming this address-generation 
section 1. 

[001 1] The multi-dimension look-up table 2 holds the color value after the conversion in each lattice 
point of space which divided the color space which consists of a value of the chrominance signal 
inputted to the address corresponding to each lattice point. As a color value after conversion, the value 
out of range which the color value after conversion can take is also permitted, and it is made for the 
color value after the interpolation processing in the interpolation operation part 3 to approach the value 
after the color conversion which should originally be performed. When the multi-dimension look-up 
table 2 cannot store a value with the color value out of range as a maintenance possible value after 
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conversion at this time, compression processing can be carried out so that it can hold by the multi- 
dimension look-up table 2 also including a value out of range. In case color conversion is performed, the 
color value after the conversion currently held is outputted according to the address inputted from the 
address-generation section 1 . 

[0012] The interpolation operation part 3 performs a interpolation operation based on the color value 
after the conversion read from the multi-dimension look-up table 2, and calculates the color value after 
conversion of the inputted chrominance signal. The method of interpolation is arbitrary, generates the 
address of the lattice point which is needed for interpolation in the address-generation section 1 
according to the interpolation method to be used, inputs it into the multi-dimension look-up table 2, and 
should just read the color value after required conversion from the multi-dimension look-up table 2. 
[0013] The gradation transducer 4 is changed into the value within the limits of it when it becomes out 
of range [ the color value after the value the interpolation operation was carried out / the value / by the 
interpolation operation part 3 changing ]. In this invention, since the value out of range which the color 
value after conversion can take is also permitted as a color value after the conversion made to hold to the 
multi-dimension look-up table 2, the color value after a interpolation operation may turn into a value 
which deviated from this range. In the gradation transducer 4, it has prevented that the value which 
deviated from such a range is outputted as it is. Moreover, since it is the value into which the value in 
which the interpolation operation was carried out by the interpolation operation part 3 was also 
compressed when the value after the conversion stored in the multi-dimension look-up table 2 is a value 
by which compression processing was carried out, extension processing is performed in this gradation 
transducer 4. In deviating from the range of the color value after the elongated value changing, it 
changes into a color value within the limits similarly. As a color value within the limits to change, it can 
consider as the lower limit and lower limit of the range, corresponding to the direction which deviates 
from the range. 

[0014] Although extension processing was performed in the gradation transducer 4 here when the value 
after the conversion stored in the multi-dimension look-up table 2 was a value by which compression 
processing was carried out, you may constitute so that transform processing may be performed when the 
value after conversion is read, for example from the multi-dimension look-up table 2, and interpolation 
processing may be performed in the interpolation processing section 3 after that. 
[0015] Next, operation in one gestalt of operation of the color inverter of this invention is explained. L* 
a* b* whose color space of the chrominance signal inputted as an example in the following explanation 
is three dimensions They shall be a color space and the YMCK color space whose color space of the 
color value after conversion is four dimensions. Since the color space of the chrominance signal inputted 
is three dimensions, the multi-dimension look-up table 2 also becomes three dimensions, and will hold 
the color value of a YMCK color space as each lattice point data. 

[0016] First, the setting method of the color value after conversion to the multi-dimension look-up table 
2 is explained. The multi-dimension look-up table 2 shall divide the color space which consists of values 
which the chrominance signal inputted can take into 16 subspaces (4 bits) for every shaft, and shall hold 
the color value after the conversion in the lattice point (17x17x17=4913 point) of 4096 subspaces 
(=16x16x16) formed of division here. Moreover, the multi-dimension look-up table 2 shall hold 8 bits of 
values of 0-255 for 0% - 100% of Y, M, C, and K each value respectively as a color value after the 
conversion held for every lattice point. 

[0017] Drawing 2 is a flow chart which shows an example of the creation method of the lattice point 
data stored in a multi-dimension look-up table in one gestalt of operation of the color inverter of this 
invention. In case the color value after the conversion made to store in the multi-dimension look-up 
table 2 is determined, it sets to SI 1 first, and they are L*, a*, and b*. More numbers of partitions than 16 
division divide a color space for every shaft, and the color value after the conversion in each lattice point 
is calculated. Here, a color space is divided into 32 pieces (=5 bit). And in SI 2, the value (Y, M, C, K) 
corresponding to the value in each lattice point of the space divided into 32 pieces (L*, a*, and b*) is 
computed. In addition, each value of Y, M, C, and K is computable as a value of 0% - 100% of range. 
The various methods learned conventionally can be used for the method of calculation. Drawing 3 is 
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explanatory drawing of an example of the lattice point data at the time of carrying out a fragmentation 
rate. It sets to drawing 3 and is L* a* b*. A certain flat surface parallel to a certain shaft in a color space 
is shown, a black dot is the lattice point in the case of 16 division, and the lattice point in the case of 32 
division turns into a point of a black dot and a white round head. A value (Y, M, C, K) is computed 
about the lattice point of both a black dot and a white round head. Here, the C values of the color values 
acquired about a part of lattice points should be 0%, 5%, and 13% as an example. 
[0018] In SI 3, about all the lattice points at the time of dividing into 16, it investigates whether it is set 
as the object of an amendment, and a value (Y, M, C, K) is amended [ lattice point / which is set as the 
object of an amendment ] in S14. Here, the case where amendment processing in the portion near 0% 
which is a minimum among 0% - 100% of values which are the ranges which each color value can take 
is performed is described. In addition, this processing is performed for every color of Y, M, C, and K. 
[0019] Drawing 4 is a flow chart which shows an example of extraction of the point for an amendment, 
and amendment processing. In S21, the color value of the lattice point at the time of dividing into 16 
judges whether it is 0%. Since an error as shown in drawing 13 will not be produced if a color value is 
not 0%, an amendment is not performed. About the lattice point whose color value is 0%, the following 
processings are performed by making the lattice point into the attention lattice point. In S22, the point 
that the whole of the color value is not 0% or 0% judges [ 1 or ] whether more than one exist in the 
neighbor point of using with the attention lattice point in the case of the interpolation operation in the 
interpolation operation part 3. If it is 0% altogether in the neighbor point of using in the case of a 
interpolation operation, the result of a interpolation operation will also be 0% and there will be no 
amendment need about the color value of the attention lattice point. When at least one color value is not 
0% in the neighbor point of using in the case of a interpolation operation, in S23, the correction value in 
the attention lattice point is computed using the color value in the lattice point at the time of dividing 
into 32 located between the attention lattice point and a neighbor point. A color value computes 
calculation of this correction value between each neighbor point which is not 0%. When there is a point 
which is not 0% of the neighbor point of using in the case of a interpolation operation When two or 
more neighbor points which are not 0% exist that what is necessary is just to apply the correction value 
of the attention lattice point computed from one of them in S25 What is necessary is just to determine 
suitable arbitrary values as correction value of the attention lattice point among the ranges which the 
correction value computed between each neighbor point and the attention lattice point in S24 takes. 
[0020] Drawing 5 is explanatory drawing of an example of the calculation method of the correction 
value in the attention lattice point. For example, as shown in drawing 3 , as a result of calculating the 
color value in each lattice point which divided the color space into 32, C= 0% of point exists by this 
example. This point is also the lattice point in the case of 16 division, and makes this lattice point the 
attention lattice point. Moreover, C= 13% of point of the right-hand side may turn into a neighbor point 
in the case of 16 division. Drawing 5 shows the position of each lattice point in a color space to a 
horizontal axis, and shows the color value (only C value) of each lattice point to the vertical axis. 
Moreover, the dashed line shows the graph of the color value which it is going to acquire by this color 
conversion. 

[0021] The correction value of the attention lattice point can be fundamentally calculated by straight- line 
approximation from a neighbor point, and the attention lattice point and the lattice point of 32 division 
which exists between neighbor points. Since the color value of the lattice point of 32 division which 
exists between the attention lattice point and a neighbor point is C= 5%, it is approximated in the 
straight line shown as the solid line which passes along this value and C= 13% of values of a neighbor 
point. This straight line makes correction value the value taken in the position of the attention lattice 
point. In this example, it becomes C=-3%. The color values after the conversion in the lattice point were 
0-255 about each component. This correction value deviates from this range. In this invention, even if it 
is the correction value which deviated from the range which a color value can take in this way, it 
approves. 

[0022] Drawing 6 and drawing 7 are explanatory drawings of an example of the lattice point used by 
calculation of the correction value centering on the attention lattice point. Drawing 5 showed the 
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example which computes the correction value in the attention lattice point about one neighbor point. As 
mentioned above, the correction value in the attention lattice point is computed about each of a neighbor 
point which may be used by the amendment operation in the amendment operation part 3. Here, the case 
where an amendment operation is performed using a triangle pole method is shown. Drawing 6 shows 
the attention lattice point in three dimensions as a center, and shows A or E flat surface in drawing 6 to 
drawing 7 , respectively. The attention lattice point exists in C flat surface. Moreover, B flat surface and 
D flat surface are flat surfaces in which the lattice point at the time of 32 division exists, respectively, 
and the lattice point at the time of 16 division does not exist in this flat surface. Moreover, in drawing 6 
and drawing 7 , O shows the attention lattice point and, as for M0-M19, the lattice point at the time of 16 
16 division, and N0-N19 are the lattice points at the time of 32 division. 

[0023] It is the correction value [ in / the attention lattice point O / respectively / like / points / neighbor / 
M6 and Ml 3 / which exist in right above / of the attention lattice point O /, and directly under / the 
attention lattice point O, the neighbor points M0-M5 which exist in the same C flat surface, and ] 
drawing 5 ] Oi. It can ask. Namely, Oi =2 nickel-Mi (6 i=0- 13) 

It can ask by carrying out. It is correction value Oi as follows so that direct influence may be reduced 
since distance with the attention lattice point O becomes far although it can also ask similarly about 
other neighbor points. It computes. Drawing 8 is explanatory drawing of an example of the calculation 
method of the correction value corresponding to the neighbor point far from the attention lattice point. 
For example, when calculating the correction value 019 of the attention lattice point O corresponding to 
the neighbor point M19 and it solves about O from N'=(M13+M19)/2N5=(0+M5)/2N19= (N'+N5) / 2, it 
it is 019=4N19. - (M19+M5+M13) 

It becomes. When it becomes common using the grant method of a sign which showed this in drawing 6 
and drawing 7 , about M7-M12, it is Oi =4nickel. - (Mi+M(i-7)+M6) 
About M14-M19, it is Oi =4nickel. - (Mi+M(i-14)+M13) 

It is alike and, therefore, is the correction value Oi of the attention lattice point O. It can ask. 
[0024] Thus, the correction value of the attention lattice point is calculated from the correction value of 
20 pieces calculated from 20 neighbor points. If it is the value within the limits which the correction 
value of 20 pieces, such as setting it as either of the obtained correction value of 20 pieces as correction 
value of the attention lattice point, takes, it is good at any value. For example, average O=l/20sigmaOi 
is calculated and it is good also as correction value of the attention lattice point. 
[0025] It returns to drawing 2 , and after computing correction value about the lattice point which 
became a candidate for an amendment as mentioned above, in SI 5, the multi-dimension look-up table 2 
is built only using the color value of the lattice point in the case of 16 division. The correction value of 
the lattice point obtained as mentioned above may have deviated from the range which the color value 
after conversion can take. In this invention, the correction value which deviated from the range which 
the color value after conversion can take in this way is permitted. However, in the example shown, for 
example in drawing 5 depending on the composition of the multi-dimension look-up table 2, although 
the correction value of the attention lattice point takes a negative value, it may be unable to express a 
negative value depending on the composition of the multi-dimension look-up table 2. In this case, since 
it corresponds, in SI 6, the value of the range which contains correction value with the color value after 
conversion is compressed into the range which the multi-dimension look-up table 2 can take, and is 
stored in the multi-dimension look-up table 2. 

[0026] Drawing 8 is explanatory drawing of an example of data compression processing. In drawing 8 , 
the value which stores the color value of the lattice point in a vertical axis at the multi-dimension look- 
up table 2 is shown in the horizontal axis. Usually, although the color value of Y, M, C, and K takes 0% 
- 100% of value, it is changed into the range (0-255) which the multi-dimension look-up tables 2 
including the negative value from which it deviates from this range can take by amendment processing 
of the color value in the lattice point, for example. Drawing 8 shows the case where it compresses in 
alignment. Of course, it is not restricted to such a compression method. In addition, in drawing 8 , one 
certain color of Y, M, C, and K is shown, and same compression is performed about each color. And the 
compressed value is set as the multi-dimension look-up table 2. Thus, the color value after the 
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compressed conversion will be set to the address corresponding to each lattice point of the multi- 
dimension look-up table 2. 

[0027] In case color transform processing is performed using the multi-dimension look-up table 2 to 
which the color value after conversion was set as mentioned above, the chrominance signal which 
should carry out color conversion is inputted into the address-generation section 1. In the address- 
generation section 1, the address of the lattice point used by the interpolation operation in the 
interpolation operation part 3 corresponding to the inputted chrominance signal is generated, and it 
inputs into the multi-dimension look-up table 2. The multi-dimension look-up table 2 reads and outputs 
the color value after the compressed conversion which is stored in the address inputted from the address- 
generation section 1. The interpolation operation part 3 calculates the color value after the compressed 
conversion corresponding to the inputted chrominance signal according to a interpolation operation 
using the color value after the conversion into which each lattice point outputted from the multi- 
dimension look-up table 2 was compressed. 

[0028] Drawing 9 is explanatory drawing of an example of the data extension processing in a gradation 
transducer. As drawing 8 explained, in case the value of the lattice point of the multi-dimension look-up 
table 2 is set up, when compression processing has been performed, it is the value into which the value 
acquired by the interpolation operation in the interpolation operation part 3 was also compressed. 
Therefore, extension processing is performed in the gradation transducer 4, and an actual output value is 
generated. In drawing 9 , it is the value which performed the interpolation operation in the interpolation 
operation part 3, and a vertical axis is an output value. Here, extension processing is performed in 
alignment. When the compressed color value is beyond the value k so that drawing 8 may also show, it 
is the value of effective within the limits as a color value to output. Namely, the interpolation result of 
an operation should just change into the value (0-255) which can be taken as an output value about the 
value beyond a value k. It is the value which has deviated from the range which can be taken as a color 
value from the first in the case of a value with the interpolation result of an operation smaller than a 
value k. In this case, the output value is compulsorily made into the lower limit (0 [ in this case ]). 
[0029] In addition, when setting up the value which has not performed compression processing as a 
value of the lattice point of the multi-dimension look-up table 2, it is not necessary to perform extension 
processing in the gradation transducer 4. However, since the interpolation result of an operation may 
serve as a value which deviates from the range of an output value, transform processing set as a value, 
for example, a lower limit, and a upper limit within the limits in that case is required. Moreover, it is 
also possible to perform gradation transform processing including the amendment processings (for 
example, gamma conversion etc.) which took the property of an output side into consideration in 
addition to this in the gradation transducer 4. 

[0030] Drawing 10 is explanatory drawing of an example of the color transfer characteristic in one 
gestalt of operation of the color inverter of this invention. By drawing 10 , it is made to correspond to 
above-mentioned drawing 5 , and only the portion with one certain color is shown. By performing color 
transform processing as mentioned above, color transform processing as shown in drawing 10 by the 
thick line can be performed. This is the color transfer characteristic of the request shown with the dashed 
line closely compared with the conventional color transfer characteristic shown by the thin line. 
Therefore, generating of muddiness of a color etc. can be suppressed. The fault that a color will ride and 
color into a white portion can be reduced by making a YMCK color space into an output color space as 
mentioned above, and suppressing an error in the about 0% especially. Although the above-mentioned 
example shows only the amendment processing in about 0%, effects, such as suppressing coloring in a 
black portion, are expectable by performing amendment processing in about 100%. Of course, it is not 
restricted to the color space of an output side being a YMCK color space, and though it is other color 
spaces, the good color transfer characteristic can be obtained. 

[0031] Drawing 1 1 is the block diagram showing the application of one gestalt of operation of the color 
inverter of this invention. For the input-side color transform-processing section and 33, as for a color 
transducer and 35, a matrix color transducer and 34 are [ 3 1 / a picture read station and 32 / the output 
side color transform-processing section and 36 ] the output sections among drawing. This application 
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shows the example which applied the color inverter of this invention to the copying machine etc. 
[0032] The picture read station 31 has optoelectric transducers, such as CCD, reads a picture optically, 
and outputs it as a chrominance signal. The color space at this time is a RGB color space. The input-side 
color transform-processing section 32 performs color transform processing according to the property of 
the picture read station 3 1 while changing into the color space for internal processing (L* a* b* color 
space) the color space (RGB color space) of the chrominance signal outputted from the picture read 
station 31. As the input-side color transform-processing section 32, it can constitute from a look-up table 
etc. The matrix color transducer 33 performs data processing using the matrix of 3x9 as opposed to a 
chrominance signal, and performs color conversion to the whole picture. 

[0033] The color transducer 34 is constituted by the color inverter of this invention, by the multi- 
dimension look-up table 2, bundles up local color transform processing in a color space, transform 
processing (GAMATTO (GAMUT) compression processing) to the color which can reproduce a color 
unreproducible in the output section 36, the color space conversion processing to the color space 
(YMCK color space) which the output section 36 receives, etc., and performs them. 
[0034] The output side color transform-processing section 35 performs color transform processing 
according to the property of the output section 36. The output section 36 reproduces a picture on a 
record medium-ed, in response to the fact that the signal of a YMCK color space. 
[0035] In such a system, since the color inverter of this invention is used for the color transducer 34 and 
the error at the time of the color conversion in near the boundary of the range of the color value 
generated in this portion is reduced conventionally, when a picture is reproduced in the output section 
36, faults, such as mixing of a color, decrease and a high-definition picture can be acquired. 
[0036] although the application to a copying machine was shown here - as some of image formation 
equipments, such as picture input devices, such as not only this but a scanner, and a printer, and image 
processing systems — etc. — various application is possible 
[0037] 

[Effect of the Invention] According to this invention, the value out of range which the color value after 
conversion can take is also permitted as a color value after the conversion stored in a multi-dimension 
look-up table so that clearly from the above explanation. Color conversion precision can improve by 
this, the error in near the boundary of the range which the color value after conversion can take is 
reduced, it can bring close to the value after the color conversion which should originally perform the 
color value after interpolation processing, and faults, such as mixing of the color by the conversion 
error, can be canceled. It is not necessary to increase the capacity of a multi-dimension look-up table, 
and according to this invention, there are various effects at this time ~ color transform processing can be 
performed without also reducing operation speed. 

[Translation done.] 
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[Drawing 7] 
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[Drawing 10] 
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[Drawing 11] 
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[Translation done.] 
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